It is thought that monensin increases the efficiency of feed utilization by cattle by altering the rumen fermentation. We studied the effect of monensin and the related ionophore antibiotic lasalocid-sodium (Hoffman-LaRoche) on Monensin (Rumensin, Eli Lilly Co.) and lasalocid-sodium (Hoffman-LaRoche, Inc.) improve the efficiency of feed utilization by cattle (13, 15; J. Berger, personal communication). Monensin alters the proportions of volatile fatty acids in rumen contents towards higher propionate and decreased acetate and butyrate both in vitro and in vivo (13, 16) .
The results suggest that monensin or lasalocid acts in the rumen by selecting for succinate-forming Bacteroides and for S. ruminantium, a propionate producer that decarboxylates succinate to propionate. The selection could lead to an increase in rumen propionate formation. Selection against H2 and formate producers, e.g. R. albus, R. flavefaciens, and B. fibrisolvens, could lead to a depression of methane production in the rumen.
Monensin (Rumensin, Eli Lilly Co.) and lasalocid-sodium (Hoffman-LaRoche, Inc.) improve the efficiency of feed utilization by cattle (13, 15 ; J. Berger, personal communication). Monensin alters the proportions of volatile fatty acids in rumen contents towards higher propionate and decreased acetate and butyrate both in vitro and in vivo (13, 16) .
The increase in the proportion of propionate is due to an increase in its production in the rumen (14, 22) . Methane production in the rumen is also reduced by the feeding of monensin (21) . Monensin prevents tryptophan-induced acute bovine pulmonary edema and emphysema, and both polyether antibiotics reduce the conversion of L-tryptophan to 3-methylindole in the rumen (5) . The 3-methylindole probably causes the disease. The antibiotics prevent coccidiosis in poultry (20) and in calves (4) . Both antibiotics inhibit gram-positive bacteria (6, 24) . Little is known, however, about the effect of the antibiotics on the major microbial species of the rumen and the mechanism by which the antibiotics produce alterations in the proportions of volatile fatty acids formed in the rumen.
This report is concerned with the sensitivity of several important species of carbohydratefermenting bacteria of the rumen and methanogenic bacteria. The sensitivity patterns suggest that the antibiotics act by selecting for a rumen microbial community that produces proportionally more propionic acid than the community of untreated ruminants.
MATERLALS AND METHODS Organisms and growth conditions: Ruminococ-Routine transfer of carbohydrate-fermenting bacteria and tests for the sensitivity of these bacteria to the antibiotics were carried out in MSC medium, which contained, per liter: Trypticase (BBL Microbiology Systems), 4 .0 g; yeast extract (Difco), 2.0 g; glucose (or cellobiose for R. flavefaciens), 5 g; (NH4)2SO4, 1.0 g; K2HPO4 and KH2PO4, 0.24 g each; NaCl, 0.48 g; MgSO4.7H20, 0.1 g; CaCl2.2H20, 0.01 g; resazurin, 1.0 mg; Na2C03, 4 g; L-cysteine. HClI H20, 0.5 g; and clarified rumen fluid, 200 ml. The pH was adjusted to 7.0, and the medium was heated to boiling and then rapidly cooled prior to the addition of Na2CO3. Routine transfer and tests for the sensitivity of methanogens to the antibiotics were carried out in a medium containing the same ingredients as those of MSC medium except glucose was replaced with sodium formate (2.0 g) and sodium acetate (2.0 g). The media were bubbled for 10 min with 100% CO2 for the carbohydrate-fermenting species or with H2-C02 (50: 50) for the methanogens. Appropriate amounts of 0.1% monensin or lasalocid were added to the medium before autoclaving. Before inoculation, 0.15 ml of a sterile solution containing 1.25% L-cysteine. HCl H20 and 1.25% Na2S.9H20 (adjusted to pH 10 and autoclaved in N2) was added to bring the volume of the medium to 5.0 ml. In all experiments, 0.1 ml of an early-stationary-phase culture grown in antibiotic-free medium was used for inoculation. The methanogenic cultures were incubated under 2 atm gas pressure and refilled with H2-CO2 (50:50) after 72 h of incubation. Growth of carbohydrate-fermenting bacteria was monitored by the measurement of turbidity at 660 nm with a Bausch & Lomb -Spectronic 70 spectrophotometer. The average of results obtained with duplicate cultures is reported. Growth of methanogens was monitored by the measurement of methane production. A 1-ml syringe fitted with a 0.5-inch (1.3-cm), 22-gauge needle was inserted through the septum, and 0.5 ml of gas was removed for analysis. The sample was injected into a gas chromatograph (GOW-Mac Instrument Co.) with a silica gel column and a thermal conductivity detector and with N2 or Ar as the carrier gas. Methane was identified and quantitated by comparison of the retention time and peak heights with those of known standards.
Based on the assumption that methane was produced entirely from H2 and C02, total gas was calculated from equations derived from the following relationship: (a/0.5 ml) = (x/2[ml headspace] -4x), where a is the volume (milliliters) of methane in the 0.5-ml gas sample removed and analyzed at 1 atm, and x is the total milliliters of methane in the headspace of the sampled bottle. Corrections were made for methane discarded during analysis prior to repressurization. HCl.H20 and 1.25% Na2S.9H20, and 0.3 ml of inoculum. After inoculation, the medium was solidified with the aid of a tube spinner (Beilco Glass Inc.). The tubes were incubated at 37°C. Colonies were isolated in an anaerobic hood (Coy Manufacturing Co.), streaked on the same agar medium in a petri dish, and incubated in 100% CO2 at 37°C. Colonies were isolated from the streak plates and were cultivated in a liquid MSC medium with the same respective concentrations of antibiotics.
RESULTS
Antibiotic sensitivity of carbohydratefermenting species. Monensin and lasalocid showed about the same spectrum of antimicrobial activity against the carbohydrate-fermenting bacteria examined. Table 1 shows the sensitivity of the species examined to monensin and lasalocid, respectively. Growth of R. albus, R. flavefaciens, and three B. fibrisolvens strains was completely inhibited by 2.5 ,ug of either antibiotic per ml. All five strains of S. ruminantium grew well in 16 h with 40 ,ug of either antibiotic per ml. B. ruminicola and B. succinogenes were inhibited by 2.5 ,ug of either antibiotic per ml when growth responses were measured at 24 h for B. ruminicola and 72 h for B. succinogenes, but growth was detected after longer incubations. The delayed growth response of B. succinogenes with increasing concentrations of monensin and lasalocid is shown in Table 2 . Only when 20.,ug of either antibiotic was used per ml was growth completely inhibited for 240 h. Growth of B. ruminicola was obtained after 48 h in the presence of monensin and lasalocid concentrations up to 40 and 20,g/ ml, respectively Table 3 ). B. ruminicola appeared to be less sensitive to monensin than B. succinogenes. B. ruminicola was slightly more sensitive to lasalocid than monensin, but again growth appeared after prolonged incubation.
Only when 20 ,ug of lasalocid per ml was used was growth completely inhibited for 96 h.
Antibiotic resistance of Bacteroides. The delayed growth response of both species of Bacteroides with both antibiotics suggested the possibility of selection for antibiotic-resistant populations. This possibility was examined by transfer of cultures that eventually grew in the presence of 5 ,ug of the antibiotic per ml to identical antibiotic-containing media. The subsequent growth response was measured. B. succinogenes from cultures pregrown in the presence of 5 ,ug of antibiotic per ml grew with a much shorter lag in the presence of concentrations of antibiotics that inhibited the growth of the parent strain (Table 4) . Similar results were obtained with B. ruminicola ( Table 5) .
Strains of both organisms were isolated that were resistant to either monensin or lasalocid. (6, 24) . R. albus and R. flavefaciens have gram-positive anatomy (9, 12) , but some strains appear negative or variable in the Gram stain (17) . B. fibrisolvens, although negative in the Gram stain, has a gram-positive cell wall structure (2) and is highly sensitive to monensin and lasalocid. The moderately sensitive Bacteroides and the insensitive S. ruminantium have gramnegative cell wall structures (3, 8) .
Two of the three highly sensitive species, R. albus and B. fibrisolvens, do not produce propionate or succinate as fermentation products (7). R. flavefaciens produces succinate, but it is not certain what its products are in the rumen, because it has been shown that coculture with methanogens decreases succinate and increases acetate production by R. flavefaciens (10) . The magnitude of the effect of this interaction in the rumen is not known. The three species are cellulolytic, and B. fibrisolvens also hydrolyzes starch. We hypothesize that the addition of these antibiotics to the rumen tends to decrease the production of the major fermentation products, acetate and butyrate, of these important carbohydrate-fermenting species by inhibiting their growth. These same species produce H2 gas and formate, which are precursors of methane in the rumen (7). Inhibition of their growth would tend to depress the production of rumen methane.
B. succinogenes and B. ruminicola are both important succinate producers; the former species uses cellulose, and the latter uses starch and other carbohydrates (7) . Although these strains Further studies are necessary to clarify the effects of monensin and lasalocid on methanogens. Lasalocid appeared to be more inhibitory than monensin, but high concentrations of either antibiotic were necessary to detect inhibition of methane formation. Because of the slow growth of the strains used, extensive studies were not conducted, and none of the strains was isolated from the rumen ecosystem. The limited data suggest that methanogens may not be a primary target of the action of the antibiotics in the rumen.
Van Nevel and Demeyer found that monensin did not inhibit the formation of methane from H2 and CO2 by washed-cell suspensions of mixed rumen bacteria (23) . Methane production from formate was inhibited by high concentrations of monensin (25 ,ug/ml). Van Nevel and Demeyer also found little influence of monensin on the course of fermentation of carbohydrates and proteins by washed-cell suspensions. There was an inhibition of growth and a decrease in protein disappearance in the presence of monensin. Their and our results support our hypothesis that the effects of monensin and probably lasalocid on the rumen fermentation are due to in vivo selection for an antibiotic-resistant microbial community that produces more propionate, less acetate and butyrate, and less methane than the community of untreated animals. The effects on methanogenesis may be indirect, i.e., the primary inhibition is of the production of precursors of methane. Figure 1 is a schematic representation of the suggested effects. The results of Van Nevel and Demeyer can be interpreted in the context of the scheme. No direct effects of monensin on the catabolic pathways of the microorganisms of untreated animals are invoked. The postulated mode of action of monensin and lasalocid predicts that different communities of microorganisms are present in treated and untreated animals and that it is the difference in the communities that leads to the differences in fermentation. Further studies with additional strains of important rumen bacteria and investigations of bacterial communities of treated and untreated animals are necessary to substantiate the hypothesized mode of action of monensin. Consideration should also be given to effects of the ionophore antibiotics on rumen protozoa because the antibiotics are effective in the treatment of coccidiosis. 
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